ABSTRACT. Two distinct habits of redledgeite are described: small black bipyramidal crystals and yellowgreen fibres. The mineral is a Ba-Cr-Ti oxide rather than a Mg-Cr-Ti oxide as previously supposed. Electron microprobe analysis gave Ba1.1o(Cr 1.82Tis.9s Feo.1oV o.o8h7.9S016 and BaI.27(Cr2.48 Tis.49Feo.o2h7.99 016 for the black and yellow-green forms respectively. The mineral is a monoclinic hollandite-type phase, space group 121m, with a = 10.129(2); b = 2.95(1); c = 10.135(2) A; fJ = 90.05(llt and Z = 1; calculated density for the black form is 4.413 g cm-3. The crystal structure was refined to R 6.3%, Rw 7.4% using 1017 reflections with F > 30"(F) from a set of 1062 unique reflections. Electron diffraction studies revealed weak superlattice reflections, with a period of 2.24b due to tunnel cation ordering.
established that the mineral was structurally related to hollandite rather than rutile, and the mineral was renamed after the type locality. Strunz found the mineral to be tetragonal, space group I4tfa, and noted a stron~ho1\andite-like subce1\, a = 10.10 and C = 2.92 A. Evidence of a doubling of both the tetragonal a and c repeats was found, and the fu1\ ce1\ was determined as ao = 20.32, Co= 5.84 A (Strunz, 1961) . He determined the cell contents, based on the original analysis (Gordon and Shannon, 1928) , as MgTi6Cr uSiO.SOI6 and assigned Mg to the tunnel sites.
There are two chemica1\y distinct groups of hollandite-type minerals: the manganese oxide hollandites, of which cryptomelane, KMnsOI6' and ho1\andite, BaMns016, are the most common; and the titanium-oxide-based ho1\andites of which redledgeite is an example. Both groups of minerals share the same distinctive tunnel structure which was origina1\y determined by Bystrom and Bystrom (1950) for the mineral ho1\andite. The structure, as shown in fig. 1 ,consists of a framework of octahedra1\y coordinated metal ions. The octahedra are linked by edge-sharing to form double columns parallel to the tunnel axis. The double strings in turn share corners to form a threedimensional framework containing square tunnels. In the closely related ho1\andite-type mineral, priderite (K,Ba)(Fe,Ti)sOI6' the large cations, Ba and K, occupy the tunnel sites (Post et a!., 1982, and FIG. 1 . The idealized tetragonal hollandite structure projected along the tunnel axis [00 1]. Pairs of edgesharing octahedra form columns parallel to [001] which in turn share corners to form square tunnels which run through the structure. The larger cations (Ba in the case of redledgeite) shown as circles occupy eight coordinated sites within the tunnels. Sinclair and McLaughlin, 1982) . Since Ba and K are much larger than Mg it was considered unlikely that the structural formula, as proposed by Strunz, could be correct. A re-examination of redledgeite, combining new chemical data from electron microprobe analysis and a structure refinement by singlecrystal X-ray diffraction methods, was therefore undertaken.
DESCRIPTION
Redledgeite occurs at the Red Ledge mine in two forms. The mineral was originally found as brilliant black bipyramidal crystals, up to 2 mm in length, on a slightly weathered chromite matrix. Redledgeite also occurs in a dark yellow-green fibrous form which appears not to have been described. A scanning electron microscopic study of the fibrous form revealed tiny prismatic crystals of redledgeite approximately 10 to 15,um in length and less than 1 ,urnin diameter ( fig. 2) Systems EDS instrwr.ent at 15kV (0.5 x 10-' A).
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REDLEDGEITE STRUCTURE is essentially a barium chromium titanate (see Table I ). The microprobe analyses gave the formulae Ba1.27(CrZ.4S Tis.49Feo.oz)016 and Ba1.10 (Cr1.8ZFeO.lOTis.9sVo.OS)016for the fibrous and bipyramidal forms respectively. Trace vanadium was detected and measured in the bipyramidal crystals but was not detected in the fibrous material. The analyses are consistent with the constraints imposed by the nature of the hollandite structure; the number of Cr, Ti and Fe atoms sum to approximately eight, indicating full occupation of the eight octahedral sites within the standard hollandite-type cell, as confirmed by the structure refinement (see following section).
Since experimental details are not available for the original wet chemical analysis of redledgeite by Shannon (Gordon and Shannon, 1928) , it is not possible to determine whether Ba could have been wrongly assigned as Mg in the original analysis. The presence of Si, however, indicates that kammererite (Mg,Cr)6(AlSi3)OlO(OH)s was present as an impurity. Si, if present in redledgeite, would have to occupy an octahedral site within the framework. This is most unlikely as six coordinated silicon is known only in minerals formed at very high pressure (e.g. stishovite, the rutile-like polymorph of SiOz). Most of the Mg in the original analysis could therefore be due to the kammererite impurity.
CR YST ALLOGRAPHY
Electron diffraction
Electron diffraction studies of redledgeite were undertaken in an attempt to confirm the 2a x 2c supercell reported by Strunz (1961) . Crystals of both redledgeite forms were examined by electron microscopy using the same experimental procedures as Pring and Jefferson (1983) . The basic tetragonal subcell for redledgeite was confirmed by electron diffraction studies but the true symmetry was later shown to be monoclinic (see structure refinement). The monoclinic y axis is parallel with the tunnels, while in tetragonal hollandite the tunnels are parallel with z. Fig. 3 shows an electron diffraction pattern of redledgeite (black crystals) with the beam parallel to [111] ; the diffuse superlattice reflections at 0.23 reciprocal lattice units from the rows of principal reflections should be noted. These can be interpreted as a superlattice of period 2.24 x b that roughly corresponds to the doubling of the short axis reported by Strunz. No evidence was found of the doubling of the 10 Aaxis which was also reported. Twinning on (110)tol in hollandite-type compounds is quite common [see example in Post et al. (1982) The origin of superlattice ordering in hollanditetype compounds has been the subject of considerable research during the last few years. Bursill and Grzinic (1980) showed that incommensurate superlattices in tetragonal hollandites, of the type BaxAlzxTis_zxO I6 and BaxGazx Tis_zxO 16' were due to the disordered intergrowth of 2c supercells with supercells of a large period (i.e. 5c and 6c). The supercells are formed by ordering of the large Ba cations in the tunnel sites. Bursill and Grzinic's model for supercell ordering has recently been used to explain superlattice reflections observed in priderite (Pring and Jefferson, 1983) , and likewise it can be extended to redledgeite. The observed superlattice corresponds to the disordered intergrowth of 5b supercells with 2b supercells in a ratio of approximately 1: 1. This implies a tunnel stoichiometry of 1.1 Ba atoms per cell, a value in good agreement with the analytical figure. Tunnel cation ordering is discussed later in connection with results of the structure refinement.
Structure refinement
Intensity measurement. Specimens of both forms of the mineral were examined. Because crystals of the fibrous form were found to be unsuitable for structure determination, a small black crystal fragment was selected for this purpose from the type material (USNM no. 95846). The data crystal, a square based trigonal prism (see below) (0.175 mm high by 0.15 mm on edge) was mounted on a silica-glass capillary and transferred to a Philips PWI100 4-circle automatic diffractometer for intensity measurement. Least squares refinement of 28 values obtained for centred high-angle reflections gave the pseudo-tetragonal cell a = 10.129(2), b = 2.951(1), c = 10.135(2) A, but examination of Friedel sets of reflections indicated the true symmetry to be monoclinic with f3 = 90.05(11)". The systematic extinctions were found to be consistent with the space group C2/m, but the non-standard setting 12/m was adopted as f3is then 90.00°and the structure is easily compared with the tetragonal hollandite phases. Intensity data were collected with graphite monochromated Mo-Krx radiation (l = 0.71069 A). An w-28 scan, 28 limits 6-60°, was used with a scan speed of 0.04°sec -I. Two background measurements, each for half the scan time, were made at the scan limits. Intensities were processed in the manner described by Fallon and Gatehouse (1980) . A quantity of 1105 reflections were measured and reduced to a set of 1062 unique reflections of which 1017 had F > 3a(F) and were used in the final refinement. An absorption correction based on the crystal faces (101), (101), (212), (101) and (112) was applied; the maximum and minimum transmission factors were 0.4313 and 0.2947 respectively. Scattering factor curves for Ba, Cr, Ti, and 0 neutral atoms were those of Cromer and Mann (1968) . All computing was carried out on the Monash University Burroughs 6700 computer. The major program used was SHELX76 (Sheldrick, 1976) .
Structure solution and refinement. The structure was solved by Patterson methods; Ba was assigned to the origin and the two metal ion sites were identified. Subsequent difference Fourier syntheses revealed the positions of the oxygen atoms and an additional tunnel site displaced from the origin along the y axis. The positional and isotropic thermal parameters were refined over three cycles of least-squares refinement. The distribution of the Ba ions over the two tunnel sites (0, 0, 0 and 0.0, 0.1405, 0.0) was refined by fixing, in alternate cycles, first the temperature factors and then the occupancy factors. The distribution of Cr and Ti between the two octahedral metal sites was refined but no preferential substitution of Ti by Cr was observed. The oxygen distribution about the two octahedral sites is very similar, further indicating that there is no preferential Cr ordering into one of the octahedral sites.
After three final cycles of refinement, with anisotropic temperature factors, the refinement converged giving R = 0.063 Rw = 0.074. The final atomic parameters are presented in Table II and selected bond lengths and angles are given in Table III .
DISCUSSION
Redledgeite is the chromium analogue of the minerals priderite-Ba, BaFe2 Ti6016 (Zhuravkeva et al., 1978) , and mannardite, Ba V 2Ti6016 (Scott and Peat field, 1986). Redledgeite and pride rite are closely related crystallographically and have very similar final atomic parameters, bond lengths and angles; however, the slight differences in atomic positions result in redledgeite (monoclinic) possessing lower symmetry than priderite (tetragonal).
Two tunnel sites, both partially occupied, were located in the refinement of redledgeite. The principal site at the origin contains 75% of the Ba ions and the remainder resides in a second site at 0.0, 0.1405, 0.0. One possible explanation for the 
. (2) presence of the second or 'satellite' site is that it represents an artefact associated with the incommensurate superlattice reflections noted in the previous section. However, the position ofthe site is inconsistent with the observed superlattice period; one would expect an artefact associated with the superlattice to occur at 0.0, 0.1100, 0.0. Since the intensities of these reflections were not included in the refinement, it is unlikely that an artefact would appear. It is more probable that the satellite Ba population is real and associated with cationcation repulsions when adjacent tunnel sites are occupied. The separation of adjacent sites is 2.951 A, corresponding to the b repeat; this is close to the ionic diameter of Ba, 2.84 A, in eight-coordination with oxygen (Shannon and Prewitt, 1969) . Strong repulsion between Ba ions in adjacent sites causes displacement from the origin, thus minimizing these interactions. The predicted intergrowth of 5b and 2b supercells results, on average, in 28.5% of the Ba ions occupying adjacent tunnel sites, a value similar to the occupancy of the satellite site (see fig. 4 ).
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Similar satellite tunnel sites have been reported for priderite (Sinclair and McLaughlin, 1982, and Post et al., 1982) and in the synthetic hollandite phase BaAl2Ti6016 (Sinclair et a/., 1980) . The priderite crystals studied contained both K and Ba tunnel cations and it is argued that the satellite site results from the positioning of the smaller Ba ion close to one end of the site (Sinclair and McLaughlin, 1982, and Post et a/., 1982) . The assignment of Ba to this site is, however, somewhat ambiguous because the electron densities of the Ba and K fractions are almost equal, both eleven electrons. It is possible that the satellite site in priderite contains mainly Ba due to the high repulsion between Ba ions along the tunnel; however, a sizeable contribution from K ions cannot be ruled out. For the compound BaAl2 Ti6016, Sinclair et al. (1980) invoked cation-cation repulsion to explain the presence of satellite tunnel sites. In the extreme case of Ba1.33Cr2.66SnS.34016 all the Ba is located at the displaced site. The stoichiometry of this compound is such that twothirds of the tunnel sites are occupied and thus all Ba cations are paired (Cadee and Verschoor, 1978) . Mannardite, the vanadium analogue of redledgeite, in addition to Ba, contains water within the tunnel sites (Scott and Peatfield, 1986) . Lack of material prevented the determination of water in redledgeite. The analytical total for the black form ofredledgeite is 1.9%low (Table I ). This shortfall, if assigned to water, corresponds to 0.86 H20 per cell. However, water was not detected during the structure refinement but the possibility that the satellite tunnel site might be due to water was considered. Difference Fourier maps, calculated using only high angle reflections (21J > 40°), confirmed the Ba occupancy of the satellite tunnel site. At high angles [(sin lJ)j A > 0.5], the scattering power of oxygen declines markedly while that of Ba remains high. If water is present in redledgeite, it will almost certainly occupy the vacant tunnel sites centred on the origin (see fig. 4 ).
The cause of the small monoclinic distortions observed in many hollandites has been the subject of considerable interest. Sinclair et al. (1980) noted a correlation between the size of the octahedrally coordinated cation and the degree of monoclinic distortion; hollandites with larger M-type cations tend to be monoclinic. They argued that, as the size of M increases, the distortion of the framework octahedra also increases. Post et al. (1982) point out that the octahedra in all hollandites are distorted due to edge sharing. They propose, instead, that the monoclinic distortion is related to the displacement of cations from the centre of the octahedra. Displacement along the triad rather than the tetrad axes of the octahedra results in a twisting of the framework and a degeneration of the symmetry. To date, however, neither theory explains comprehensively the observed symmetrics for all hollandite-type phases. The monoclinic distortion is often very slight and thus difficult to detect; the cause of the distortion warrants further investigation.
CONCLUSIONS
Analysis of redledgeite has shown that the mineral is a barium chromium titanate and not a magnesium chromium titanate, as previously supposed. Redledgeite is the chromium analogue of priderite-Ba and mannardite.
Redledgeite has a hollandite-type structure but its symmetry is distorted from tetragonal to monoclinic. Ordering of the Ba ions in the tunnels leads to incommensurate 'superlattice' reflections. Supercell ordering reduces the electrostatic interactions between tunnel cations, which are also reduced by displacing adjacent tunnel cations away from each other along the tunnels.
